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(54) Fuel injector 

(57) A fuel injector comprising a nozzle body (10; 
10a, 10b) provided with first and second outlet openings 
(15, 21) for fuel, a valve needle (12) slidable within a 
valve needle bore (11; 65a) defined in the nozzle body 
(10; 10a, 10b), the valve needle bore (11; 65a) being 
shaped to define a seating (11b; 72) with which the valve 
needle (1 2) is engageable to control fuel flow to a cham- 
ber (1 4), the valve needle (1 2) being provided with a flow 
passage (17) communicating with the chamber (14), 
movement of the valve needle (1 2) away from the seat- 
ing ( 11 b; 72) into a first fuel injecting position permitting 
fuel delivery through the first outlet opening (15) and 
whereby movement of the valve needle (1 2) away from 
the seating (1 1b; 72) into a second fuel injecting position 
causes fuel in the chamber (1 4) to flow through the flow 
passage (17) for delivery through the second outlet 
opening (21). The nozzle body (10) may include an up- 
per nozzle body part (1 0a) provided with a through bore 
(65a) and a lower nozzle body part (10b) provided with 
a blind bore (65b), the lower nozzle body part (10b) be- 
ing received in the through bore (65a) to close an open 
end thereof. 
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Description 

[0001] This invention relates to a fuel injector intended 
for use in delivering fuel under pressure to a combustion 
space of a compression ignition internal combustion en- 
gine. The invention relates, in particular, to an injector 
of the inwardly opening type in which the number of out- 
let openings through which fuel is injected at any instant 
can be controlled by controlling the position of a valve 
needle. 

[0002] It is desirable to guide the end of the needle 
adjacent the outlet openings of the injector for sliding 
movement so that the needle remains substantially con- 
centric with its seating when lifted from the seating. It is 
a first object of the present invention to provide a fuel 
injector of the type described hereinbefore in which the 
end of the needle is guided. 

[0003] In order to reduce the levels of noise and par- 
ticulate emissions produced by an engine it is desirable 
to provide an arrangement whereby the rate at which 
fuel is delivered to the engine can be controlled. It is also 
desirable to be able to adjust other injection character- 
istics, for example the spray pattern formed by the de- 
livery of fuel by an injector. British Patent Application GB 
2 307 007 A and European Patent Application EP 0 71 3 
004 A both describe fuel injectors of the type in which 
the fuel injection characteristic can be varied, in use, by 
selecting different sets of fuel injector outlet openings 
formed in the fuel injector nozzle body. In both of these 
fuel injector designs, angular motion of a sleeve mem- 
ber, housed within the nozzle body, causes apertures 
formed in the sleeve to align with selected ones of the 
outlet openings and subsequent inward, axial motion of 
a valve member within the bore of the nozzle body caus- 
es fuel to be ejected from the selected outlet openings. 
In this way, the fuel injection characteristic can be var- 
ied, in use, by selecting different ones of the outlet open- 
ings. However, fuel injectors of this design suffer from 
the disadvantage that the are complex and expensive 
to manufacture, and have performance limitations. 
[0004] British Patent Application No 9905231 de- 
scribes a fuel injector including a nozzle body defining 
a bore within which an outwardly opening, outer valve 
member is slidable. Movement of the outer valve needle 
in an outward direction causes fuel to be ejected from 
an upper group of outlet openings provided in the outer 
valve needle. The outer valve needle defines a blind 
bore within which an inner valve member is slidable. In- 
ward movement of the inner valve member causes fuel 
injection through a lower group of outlet openings pro- 
vided in the outer valve needle. The fuel injection rate 
provided by the injector is controlled by means of an ac- 
tuator arrangement which controls the downward force 
applied to the inner valve member. A disadvantage of 
this type of fuel injector is that, as the injector includes 
a valve needle of the outwardly opening type, a poor fuel 
spray characteristic is obtained as the outlet openings 
become exposed. In addition, leakage can occur from 



the outlet openings during undesirable stages of the fuel 
injection cycle. 

[0005] It is a further object of the present invention to 
provide an alternative fuel injector which permits the fuel 

s injection characteristic to be varied, in use, whilst alle- 
viating at least one of the disadvantages of known fuel 
injectors having this capability 
[0006] According to a first aspect of the present inven- 
tion there is provided a fuel injector comprising a nozzle 

w body provided with first and second outlet openings for 
fuel, a valve needle slidable within a valve needle bore 
defined in the nozzle body, the valve needle bore being 
shaped to define a seating with which the valve needle 
is engageable to control fuel flow to a chamber, the valve 

15 needle being provided with a flow passage communi- 
cating with the chamber, movement of the valve needle 
away from the seating into a first fuel injecting position 
permitting fuel delivery through the first outlet opening 
and whereby movement of the valve needle away from 

20 the seating into a second fuel injecting position causes 
fuel in the chamber to flow through the flow passage for 
delivery through the second outlet opening. 
[0007] The valve needle may have a surface shaped 
to define first and second sealing surfaces for the first 

25 and second outlet openings, whereby movement of the 
valve member away from the seating into the first fuel 
injecting position causes the first sealing surface to un- 
cover the first outlet opening to permit fuel delivery 
therefrom and movement of the valve needle away from 

30 the seating into the second fuel injecting position causes 
the second sealing surface to uncover the second outlet 
opening to permit fuel delivery therefrom. The surface 
of the valve needle may be shaped such that the second 
sealing surface closes the first outlet opening in the sec- 

35 ond fuel injecting position to prevent fuel delivery there- 
from. Alternatively, the valve needle may be shaped 
such that fuel delivery occurs through both the first and 
second outlet openings when the fuel injector is in the 
second fuel injecting position. 

40 [0008] The valve needle may be provided with a sur- 
face which is slidable over a guide surface to guide the 
valve needle for sliding movement within the valve nee- 
dle bore. 

[0009] The guide surface may be defined by a portion 
45 of the valve needle bore located downstream of the 
chamber. 

[0010] The guide surface may be defined by a guide 

member carried by the nozzle body. 

[001 1] The flow passage may be provided, at least in 
50 part, within the guide member. The flow passage may 

be arranged to open into an annular groove which is 

communicable with the second outlet opening. 

[0012] The valve needle may be provided with a first 

annular recess communicating with the first outlet open- 
55 ing, whereby, in use, movement of the valve needle into 

the first fuel injecting position causes the chamber to 

communicate with the first annular recess to permit fuel 

delivery through the first outlet opening. 
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[001 3] In one embodiment of the invention, the valve 
needle may be provided with an additional flow passage 
such that movement of the valve needle away from the 
seating into the first fuel injecting position causes fuel in 
the chamber to flow into the first annular recess via the 
flow passage and the additional flow passage to permit 
fuel delivery through the first outlet opening. 
[0014] In one embodiment of the invention, the first 
annular recess may be arranged such that the first and 
second outlet openings are closed for a period of time 
when the fuel injector is between the first and second 
fuel injecting positions. 

[0015] The valve needle may also be provided with a 
second annular recess communicating with the second 
outlet opening such that movement of the valve needle 
into the second fuel injecting position causes fuel in the 
chamber to flow into the second annular recess via the 
flow passage to permit fuel delivery through the second 
outlet opening. 

[0016] In one embodiment of the invention, the first 
annular recess may be arranged to permit fuel delivery 
through both the first and second outlet openings at the 
same time. 

[0017] The valve needle may be provided with an ax- 
ially extending bore which defines at least part of the 
flow passage for fuel. The axially extending bore provid- 
ed in the valve needle may be a blind bore, the open 
end of the axially extending bore being sealed by a seal- 
ing member. 

[001 8] Alternatively, the flow passage may be defined 
by cross drillings provided in the valve needle or by flats, 
slots, flutes or grooves provided on the valve needle. 
[0019] In one embodiment of the invention, the valve 
needle may comprise an upper part provided with an 
upper bore and a lower part provided with a lower bore, 
the lower part of the valve needle being received within 
the upper bore. The lower bore may be a blind bore. A 
two-part valve needle is advantageous as the fuel injec- 
tor is easy to manufacture and assemble. 
[0020] The nozzle body may be shaped to define a 
further seating, the lower part of the valve needle includ- 
ing an enlarged region defining a surface which is en- 
gageable with the further seating when the valve needle 
is lifted to the first fuel injecting position. In use, engage- 
ment between the surface and the further seating serves 
to prevent the leakage of fuel from the bore in the nozzle 
body. 

[0021] The fuel injector may further comprise a plug 
member received within the lower bore to reduce the 
volume of the flow passage available for fuel. 
[0022] Control of the fuel injector may be achieved 
conveniently by means of an actuator arrangement for 
moving the valve needle between the first and second 
fuel injecting positions. The fuel injector only requires a 
single valve needle and is therefore relatively easy to 
manufacture and assemble. 

[0023] In one embodiment of the invention, the nozzle 
body may comprise an upper nozzle body part provided 



with a through bore and a lower nozzle body part pro- 
vided with a blind bore, the lower nozzle body part being 
received in the through bore to close an open end there- 
of. The seating with which the valve needle is engage- 
5 able may be defined by a part of the bore provided in 
the lower nozzle body part. 

[0024] The first and second outlet openings may con- 
veniently be provided in the lower nozzle body part. 
[0025] According to a second aspect of the present 

10 invention, there is provided a fuel injector comprising a 
nozzle body provided with first and second outlet open- 
ings for fuel, a valve needle slidable within a valve nee- 
dle bore defined in the nozzle body, the valve needle 
bore being shaped to define a seating with which the 

15 valve needle is engageable to control fuel flow to a 
chamber, the nozzle body including an upper nozzle 
body part provided with a through bore and a lower noz- 
zle body part provided with a blind bore, the lower nozzle 
body part being received in the through bore to close an 

20 open end thereof. 

[0026] The invention will further be described, by way 
of example, with reference to the accompanying draw- 
ings, in which: 

25 Figure 1 is a sectional view illustrating part of a fuel 
injector in accordance with an embodiment of the 
invention; 

Figure 2 is a view illustrating part of a second em- 
30 bodiment of the fuel injector of the present inven- 
tion; 

Figure 3 is a sectional view illustrating a third em- 
bodiment of the fuel injector of the present inven- 
ts tjon; 

Figure 4 is an enlarged view of a part of the fuel 
injector shown in Figure 3; 

40 Figure 5 is an enlarged view of the part of the fuel 
injector shown in Figure 4 when in a first fuel inject- 
ing position; 

Figure 6 is an enlarged view of the part of the fuel 
45 injector shown in Figure 4 when in a second fuel 
injecting position; 

Figure 7 is an enlarged sectional view of a part of a 
fourth embodiment of the fuel injector of the present 
50 invention; 



Figure 8 is an enlarged view of the part of the fuel 
injector shown in Figure 7 when in a first fuel inject- 
ing position; 

Figure 9 is an enlarged view of the part of the fuel 
injector shown in Figure 7 when in a second fuel 
injecting position; 
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Figure 1 0 is an enlarged view of a part of a fifth em- 
bodiment of the fuel injector of the present inven- 
tion; 

Figure 11 is a view of the part of the fuel injector 
shown in Figure 10 when in a first fuel injecting po- 
sition; 

Figure 12 is a view of the part of the fuel injector 
shown in Figure 10 when in a second fuel injecting 
position; 

Figure 1 3 is a sectional view illustrating a sixth em- 
bodiment of the fuel injector of the present inven- 
tion; 

Figure 14 is an enlarged view of a part of the fuel 
injector shown in Figure 13; 

Figures 15 and 16 are enlarged views of the part of 
the fuel injector shown in Figure 14 when in second 
and first fuel injecting positions respectively; 

Figures 17,18 and 1 9 are enlarged sectional views 
of further alternative embodiments of the fuel injec- 
tor of the present invention; 

Figure 20 is an enlarged view of the fuel injector 
shown in Figure 1 9 when in a fuel injecting position; 
and 

Figure 21 is an enlarged view of a still further alter- 
native embodiment of the fuel injector of the present 
invention. 

[0027] The fuel injector illustrated, in part, in Figure 1 
comprises a nozzle body 10 which is provided with a 
through bore 11. The through bore 11 includes a region 
11a of relatively large diameter, a frusto-conical region 
which forms a seating surface 11b, and downstream of 
the frusto-conical region, a region 1 1c of relatively small 
diameter. Slidable within the bore 11 is a valve needle 
12. 

[0028] The valve needle 1 2 includes, at an upper end 
thereof (not shown), a region of diameter substantially 
equal to the diameter of the adjacent part of the bore 1 1 
which serves to guide the upper end of the needle 12 
for sliding movement within the bore 11. The needle 12 
further includes, at its lowermost end in the orientation 
illustrated, a region of diameter substantially equal to 
the diameter of the region 11c. The wall of the bore 11 
defining the region 1 1c acts as a guide surface, guiding 
the lower end of the needle 12 for sliding movement 
within the bore 11. As the needle 12 is guided for sliding 
movement at both its upper and lower ends, it will be 
appreciated that, throughout the range of sliding move- 
ment of the needle 12, the needle 12 can be held sub- 
stantially coaxially within the bore 11 , the needle 12 re- 



maining concentric with the frusto-conical seating sur- 
face 11b. 

[0029] The needle 12 includes a region which is en- 
gageable with the seating 11b to control communication 

5 between a delivery chamber 1 3 defined between the 
needle 12 and the bore 11 upstream of the seating and 
a chamber 14 located downstream of the seating 11b. 
The chamber 14 communicates with a plurality of first 
outlet openings 15, two of which are illustrated in Figure 

10 1. 

[0030] The needle 12 is provided with an axially ex- 
tending blind drilling 16 which defines a flow passage 
17 for fuel, the lowermost end of the drilling 16 being 
closed by means of a plug 16a. The drilling 16 commu- 

15 nicates with a pair of drillings 18 which are located such 
that, when the needle 12 engages the seating 11b, the 
drillings 18 are located within the region 11c of the bore 
11 and are closed by the nozzle body 10, and in partic- 
ular by the guide surface, thus the drillings 18 do not 

20 communicate with the chamber 14. The drilling 16 fur- 
ther communicates with a pair of drillings 1 9 which open 
into an annular groove 20 formed in the valve needle 
12. The annular groove 20 is located such that, upon 
movement of the needle 12 away from the seating 11b 

25 by a predetermined distance, the annular groove 12 
moves to a position in which it communicates with a plu- 
rality of second outlet openings 21 (two of which are 
shown) provided in the nozzle body 10. When the nee- 
dle 12 engages the seating surface 11b, the annular 

30 groove 20 occupies a position in which it does not com- 
municate with the second outlet openings 21 . 
[0031] In use, the bore 11 is supplied with fuel from a 
source of fuel at high pressure (not shown), for example 
a common rail of a common rail fuel system, the com- 

35 mon rail being arranged to be charged to a suitably high 
pressure by an appropriate high pressure fuel pump. 
Any suitable technique may be used to control move- 
ment of the needle 1 2. For example, the needle 12 may 
be spring biased towards the seating 11b, movement of 

40 the needle 12 away from this position occurring when 
the fuel pressure within the bore 11 applied to angled 
thrust surfaces of the needle 12 exceeds a predeter- 
mined level. Alternatively, the bore 11 may be supplied 
continuously with fuel at high pressure, and an appro- 

45 prjate actuator arrangement, conveniently a piezoelec- 
tric or electromagnetic actuator arrangement, may be 
used to control movement of the needle 12. 
[0032] Regardless as to the manner in which the po- 
sition of the valve needle 12 is controlled, where the 

50 valveneedle 12 engages the seating 11b, fuel within the 
bore 11 is unable to flow to the chamber 14, and hence 
is unable to reach either the first or second outlet open- 
ings 15, 21. Fuel injection does not, therefore, take 
place. 

55 [0033] When fuel injection is to commence, the nee- 
dle 12 is moved away from the seating 11b. Provided 
the distance through which the needle 12 is moved is 
insufficient to cause the drillings 1 8 to move to a position 
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in which they communicate with the chamber 14, then 
fuel will be delivered through only the first outlet open- 
ings 15, fuel being unable to flow through the flow pas- 
sage defined by the drillings 18, 16, 19 to the second 
outlet openings 21. The fit of the needle 12 within the 
region 11c of the bore 11 is substantially fluid tight, thus 
fuel is only injected through the first outlet openings 15. 
As mentioned hereinbefore, as the needle 12 is guided 
both at its upper end and at its lower end, it will be ap- 
preciated that during this phase of the operation of the 
injector, the needle 1 2 remains substantially coaxial with 
the bore 11. 

[0034] When injection is to be terminated, the needle 
12 is returned to the position illustrated in which it en- 
gages the seating 11b, thus terminating the supply of 
fuel to the chamber 1 4 and through the first outlet open- 
ings 1 5. 

[0035] If desired, rather than terminate injection, the 
injection rate may be increased by moving the needle 
1 2 away from the seating 1 1b by an increased distance, 
sufficient to cause the drillings 18 to move into commu- 
nication with the chamber 14. Once this position has 
been reached, fuel is able to flow through the flow pas- 
sage defined by the drillings 1 8, 1 6, 1 9, and through the 
annular groove 20 to the second outlet openings 21. It 
will be appreciated that, in such circumstances, fuel in- 
jection occurs through both the first and second outlet 
openings 15, 21. As fuel is delivered through an in- 
creased number of outlet openings, it will be appreciated 
that the fuel injection rate is increased. 
[0036] As described hereinbefore, termination of in- 
jection occurs by moving the needle 1 2 into engagement 
with the seating surface to terminate the supply of fuel 
to the chamber 14, the movement also resulting in the 
flow passage moving out of communication with the 
chamber 14. 

[0037] The movement of the needle 12 into engage- 
ment with the seating lib also causes the annular 
groove 20 to move out of communication with the sec- 
ond outlet openings 21. It will be appreciated that the 
injection of fuel through these outlet openings termi- 
nates rapidly in a controlled manner as the supply of fuel 
thereto is cut off rapidly. In some applications, it may not 
be necessary to ensure that the termination of injection 
through the second outlet openings 21 occurs rapidly, 
and in such applications, the annular groove 20 may be 
of suitable dimensions to register with the second outlet 
openings 21 throughout the range of movement of the 
needle 12. 

[0038] By appropriate control of the distance through 
which the valve needle 1 2 is moved, in use, the number 
of outlet openings through which fuel is delivered at any 
particular time can be selected, and appropriate selec- 
tion of the number of outlet openings used at any par- 
ticular time can be used to reduce the levels of particu- 
late emissions and noise generated by the engine with 
which the injector is used. As mentioned hereinbefore, 
the needle 12 is guided for sliding movement within the 



bore 11 throughout the range of movement of the needle 
1 2, thus the needle 1 2 remains substantially coaxial with 
the bore 11 at all times. As a result, fuel is distributed 
evenly to the first outlet openings 1 5, such an even dis- 
s tribution of fuel not necessarily occurring where the nee- 
dle 12 is not held coaxial with the bore 11 during injec- 
tion. 

[0039] If desired, the injector may be modified to in- 
corporate three or more groups of outlet openings, the 
number of outlet openings through which fuel is deliv- 
ered at any particular time being determined by the dis- 
tance through which the needle is moved. Alternatively, 
a third or further groups of openings may be provided 
and arranged such that, if movement of the needle away 
from the seating continues beyond the point at which 
the groove 20 registers with the openings 21 , then the 
groove 20 may move to a position in which it communi- 
cates with the third or further groups of openings. This 
may be instead of or in addition to communication with 
the openings 21. By appropriate selection of the sizes 
of the openings and by appropriate control of the dis- 
tance moved by the needle, improved control over the 
fuel injection characteristics can be achieved. 
[0040] An alternative embodiment is illustrated in Fig- 
ure 2. In the arrangement of Figure 2, the nozzle body 
10 is provided with a bore 11 of form similar to the bore 
of the arrangement illustrated in Figure 1 . The arrange- 
ment of Figure 2 differs from that of Figure 1 in that a 
guide member 24 is rigidly secured within the bore 11, 
the guide member 24 being an interference fit with a low- 
ermost end region 23a of the bore 11 . The guide mem- 
ber 24 is received, in part, within a blind bore 25 formed 
in a valve needle 1 2, the bore 25 being of external di- 
ameter substantially equal to the diameter of the adja- 
cent part of the guide member 24. A small clearance is 
formed between the closed end of the bore 25 and the 
upper end of the guide member 24, the clearance de- 
fining a chamber 27 of small volume. 
[0041] As in the embodiment shown in Figure 1, the 
bore 11 defines a frusto-conical seating 11b with which 
the valve needle 12 is engageable to control communi- 
cation between the delivery chamber 1 3 and the cham- 
ber 14 located downstream of the seating 11b. A plural- 
ity of first outlet openings 15 communicate with the 
chamber 14. 

[0042] The guide member 24 defines, at its outer sur- 
face, a guide surface which engages the wall of the bore 
25 to guide the lower end of the needle 12 for sliding 
movement within the bore 11, ensuring that the needle 
12 remains substantially coaxial with the bore 11 
throughout the range of movement of the needle 1 2. The 
guide member 24 is provided with an axially extending 
blind drilling 31 , the upper end of which is closed by 
means of a plug 32. Drillings 33 communicate with the 
passage 17, the drillings 33 being located such that, 
when the needle 12 engages the seating 11b, the drill- 
ings 33 are covered by the wall of the bore 25 provided 
in the needle 12, and thus are closed, a substantially 
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fluid tight seal being formed between the needle 12 and 
the guide member 24, ensuring that communication is 
not permitted between the chamber 14 and the drillings 
33. Further drillings 34 communicate with the passage 
17, the drillings 34 opening into the annular groove 20 s 
provided in the exterior of the guide member 24 and lo- 
cated so as to communicate with the second outlet 
openings 21. 

[0043] In use, fuel under pressure is applied to the 
bore 11 and movement of the valve needle 12 is con- 
trolled using any suitable technique as mentioned here- 
inbefore with reference to Figure 1 . When the valve nee- 
dle 1 2 engages the seating 1 1b as illustrated, fuel is un- 
able to flow to the chamber 14. In this position, injection 
of fuel does not take place through either the first outlet 
openings 15 or the second outlet openings 21. Move- 
ment of the needle 1 2 away from the seating 11 b by a 
small amount (less than distance A illustrated in Figure 
2) results in fuel being able to flow to the chamber 14, 
thus fuel is delivered through the first outlet openings 
15. As the movement of the needle 12 does not result 
in communication being established between the drill- 
ings 33 and the chamber 14, fuel is unable to flow 
through the passage 1 7 to the second outlet openings 
21 . Fuel is therefore delivered only through the first out- 
let openings 15 and fuel injection occurs at a relatively 
low rate. Fuel injection may be terminated, if desired, by 
returning the needle 12 to the position shown to termi- 
nate the supply of fuel to the chamber 1 4 and first outlet 
openings 15. 

[0044] Rather than terminate injection, the needle 1 2 
may be lifted away from the seating surface by an in- 
creased amount, greater than distance A, resulting in 
communication being established between the chamber 
14 and the drillings 33. As a result, fuel is able to flow 
from the chamber 14 through the passage 17 and the 
drillings 33, 34 and through the annular groove 35 to the 
second outlet openings 21 . As a result, fuel is delivered 
through both the first and second outlet openings 15, 21 
and fuel is injected at an increased rate. Fuel injection 
is terminated, when desired, by returning the needle 12 
to the position illustrated to terminate the supply of fuel 
to the chamber 14, terminating the supply of fuel to all 
of the outlet openings. 

[0045] As a substantially fluid tight seal is formed be- 
tween the guide member 24 and the needle 1 2, it will be 
appreciated that the chamber 27 is substantially isolat- 
ed. As a result of movement of the needle 1 2 away from 
the seating surface, the volume of the chamber 27 in- 
creases reducing the fuel pressure therein. Although 
this reduction in fuel pressure will tend to hinder move- 
ment of the needle 1 2 away from its seating surface, as 
the volume of the chamber 27 is relatively small and the 
effective areas exposed to the fuel pressure therein are 
small, these forces will not have a significant effect upon 
the operation of the injector. Further, a small amount of 
leakage between the guide member 24 and the needle 
1 2 is likely to occur, such leakage tending to balance the 
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fuel pressure within the chamber 27, further reducing 
the effect of the changes in the volume of the chamber 
27 upon the operation of the injector. As such leakage 
occurs, the pressure within the chamber 27 will increase 
to match the pressure within the delivery chamber 13, 
thus as the injector operates, the effect of the chamber 
27 being closed will reduce. 

[0046] As with the embodiment of Figure 1 , the ar- 
rangement of Figure 2 has the advantages that the nee- 
dle 1 2 is guided for sliding movement within the bore 11 
throughout its range of movement thus the needle 12 
remains substantially concentric with the seating sur- 
face. 

[0047] If desired, the arrangement of Figure 2 may be 
modified to include three or more groups of outlet open- 
ings, the number of groups of outlet openings through 
which fuel is delivered at any instant being governed by 
the distance through which the needle 1 2 is lifted from 
its seating. 

[0048] Figure 3 to 6 illustrate an alternative embodi- 
ment of the invention, in which similar parts to those 
shown in Figures 1 and 2 are denoted with like reference 
numerals and will not be described in further detail here- 
inafter. The bore 11 provided in the nozzle body 10 is a 
blind bore and includes an intermediate region 11a, a 
frusto-conical region which forms a seating 11b, a region 
11c of relatively small diameter located downstream of 
the frusto-conical region and an upper end region 11d 
of relatively large diameter. The valve needle 12 in- 
cludes, at an upper end thereof, a region 1 2c having a 
diameter substantially equal to the diameter of the ad- 
jacent part of the bore 11d such that the region of the 
bore 11 d guides the upper end 12c of the needle 12 for 
sliding movement within the bore 11. The valve needle 
12 further includes, at its lowermost end in the orienta- 
tion illustrated, a valve needle region 12b of reduced di- 
ameter, the diameter of the valve needle region 1 2b be- 
ing substantially equal to the diameter of the bore region 
11c. The wall of the bore 11 defining the bore region 11c 
acts as a guide surface which also serves to guide the 
lower, valve needle region 12b of the valve needle 12 
for sliding movement within the bore 11. As the needle 
1 2 is guided for sliding movement at both its upper and 
lower ends, it will be appreciated that, throughout the 
range of sliding movement of the needle 12, the needle 
1 2 can be held substantially coaxially within the bore 1 1 , 
the needle 12 remaining concentric with the frusto-con- 
ical seating 11b. 

[0049] The valve needle 12 includes a region which 
is engageable with the seating surface 11b to control 
communication between the delivery chamber 1 3 and 
the chamber 14 located downstream of the seating 11b. 
[0050] In this embodiment of the invention, the pas- 
sage 17 defined by the axially extending drilling 16 pro- 
vided in the valve needle 12 communicates with the 
chamber 14 by means of cross drillings 18 provided in 
the valve needle region 1 2b. The passage 1 7 also com- 
municates with a sac region 22 located at the blind end 
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of the bore 11. 

[0051] The valve needle region 12b is provided with 
first and second annular recesses or grooves 50,52 re- 
spectively, the surface of the valve needle region 12b 
also defining first and second sealing surfaces 54,56 for 
the first and second set of outlet openings 1 5,21 respec- 
tively. With the valve needle 12 adopting the position 
shown in Figures 3 and 4, the first annular recess 50 
cooperates with the adjacent part of the bore region 11c 
to define an enclosed chamber with the first set of outlet 
openings 1 5 being closed by the first sealing surface 54. 
Thus, with the valve needle in this position, the enclosed 
chamber defined by the recess 50 and the bore region 
11c, does not communicate with either the first set of 
outlet openings 15 or the chamber 14. The second an- 
nular recess 52 communicates with the sac region 22 
but does not communicate with the second outlet open- 
ings 21 , the second outlet openings being closed by the 
second sealing surface 56 defined by the surface of the 
valve needle region 12b. 

[0052] At the end of the nozzle body 1 0 remote from 
the blind end of the bore 11 , there is provided an annular 
gallery 60 which communicates with the bore 11 and a 
supply passage 62 provided in the nozzle body 1 0. The 
supply passage 62 communicates with a source of fuel 
at high pressure, as described previously, such that high 
pressure fuel can be introduced into the annular gallery 
60 and, thus, delivered to downstream parts of the fuel 
injector. The valve needle 1 2 may be spring biased to- 
wards the seating surface 1 1b, movement of the valve 
needle 12 away from this position occurring when the 
fuel pressure within the bore 11 applied to angled thrust 
surfaces of the valve needle 12 exceeds a predeter- 
mined level. Alternatively, the bore 11 may be supplied 
continuously with fuel at high pressure, and an appro- 
priate actuator arrangement, conveniently a piezoelec- 
tric actuator arrangement, used to control movement of 
the needle 12. 

[0053] In use, starting from the position shown in Fig- 
ures 3 and 4, high pressure fuel is supplied through the 
supply passage 62, into the annular gallery 60 and, thus, 
into the delivery chamber 1 3. With the valve needle 1 2 
seated against the seating 11b, fuel in the delivery 
chamber 1 3 is unable to flow past the seating 11b into 
the chamber 14. Thus, fuel injection does not occur 
through either the first or second set of outlet openings 
15,21. 

[0054] When fuel injection is to be commenced, the 
valve needle 12 is lifted away from the seating 11b into 
a first fuel injecting position, as shown in Figure 5, such 
that fuel in the delivery chamber 1 3 is able to flow past 
the seating 11b into the chamber 14. During this stage 
of operation, the valve needle 1 2 is lifted away from the 
seating 1 1b by an amount which is sufficient to bring the 
annular recess 50 into communication with both the 
chamber 14 and the first set of outlet openings 15, the 
movement of the needle 1 2 resulting in the first outlet 
openings 1 5 no longer being covered by the first sealing 



surface 54. Thus, fuel flowing past the seating lib into 
the chamber 14 is able to flow into the annular recess 
50 and out through the first outlet openings 15. Fuel in 
the chamber 14 is also able to flow through the drillings 
s 18 into the passage 17 defined within the valve needle 
region 1 2b and into the sac region 22. However, with the 
valve needle 12 in the first fuel injecting position, the 
second outlet openings 21 remain closed by the second 
sealing surface 56. Thus, fuel within the sac region 22 
10 and the annular recess 52 is not delivered through the 
second outlet openings 21. It will therefore be appreci- 
ated that, in the first fuel injecting position shown in Fig- 
ure 5, fuel injection occurs only through the first set of 
outlet openings 15. 
is [0055] From the position shown in Figure 5, fuel injec- 
tion may be terminated by returning the valve needle 1 2 
to its seated position against the seating 11b. Thus, fuel 
is no longer able to flow from the delivery chamber 13 
into the chamber 1 4 and out through the first outlet open- 
20 jng 1 5. Referring to Figure 5, it will be appreciated that 
fuel injection will cease when the valve needle 12 is re- 
turned to its seated position and the sealing surface 54 
cooperates with the bore 11c to break the communica- 
tion between the chamber 14 and the first set of outlet 
25 openings 15. 

[0056] Alternatively, from the position shown in Figure 
5, if fuel injection is required through the second outlet 
opening 21, the valve needle 12 is lifted by a further 
amount away from the seating 11b into a second fuel 
30 injecting position, as shown in Figure 6. During this 
stage of operation, the valve needle 12 is lifted into a 
position in which the annular recess 50 communicates 
with the chamber 14 but in which the first set of outlet 
openings 15 are closed by the second sealing surface 
35 56. Thus, although fuel in the delivery chamber 13 is 
able to flow past the seating 11b into the chamber 14 
and into the annular recess 50, it is unable to flow 
through the first set of outlet openings 1 5. In addition, in 
the second fuel injecting position, the annular recess 52 
40 is brought into communication with the second set of 
outlet openings 21 . Thus, fuel within the delivery cham- 
ber 13 is able to flow through the drillings 18 and the 
passage 1 7, into the sac region 22 and is delivered, via 
the annular recess 52, through the second set of outlet 
45 openings 21. Thus, during this stage of operation, fuel 
injection only occurs through the second set of outlet 
openings 21 . It will be appreciated that although fuel is 
able to flow into the passage 17 as soon as the valve 
needle 12 is lifted away from the seating 11b, fuel injec- 
50 tion will only occur through the second set of outlet open- 
ings 21 when the valve needle 1 2 has been lifted by a 
sufficient amount to uncover the second outlet openings 
21 and bring the annular recess 52 into communication 
therewith. The fuel injector shown in Figures 3 to 6 is 
55 therefore capable of delivering fuel through two different 
sets of outlet openings by moving the valve needle 12 
inwardly between first and second fuel injecting posi- 
tions. 
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[0057] From the position shown in Figure 6, in order 
to cease fuel injection the valve needle 12 is returned to 
the position shown in Figures 3 and 4 such that the valve 
needle 1 2 engages the seating 1 1b and the first and sec- 
ond sealing surfaces 54,56 cover the first and second s 
outlet openings 15,21 respectively. 
[0058] Figure 7 is a further alternative embodiment to 
those shown in Figures 1 to 6 with like reference numer- 
als denoting similar parts to those shown in Figures 1 to 
6. Referring to Figure 7, the valve needle region 12b is 
provided with additional drillings 64 which communi- 
cate, at one end, with the passage 17 and, at the other 
end, with the annular recess 50. With the valve needle 
12 seated against the seating lib, fuel injection does 
not take place through either the first or second outlet 
openings 15,21, as described previously. In order to 
commence fuel injection, the valve needle 12 is lifted 
away from the seating to deliver fuel from a selected one 
of the first or second outlet openings 15,21, as shown 
in Figures 8 and 9 respectively, depending on the extent 
of movement of the valve needle 1 2 away from the seat- 
ing 11b. 

[0059] Referring to Figure 8, with high pressure fuel 
supplied to the delivery chamber 1 3 and with the valve 
needle 12 lifted away from the seating 11b into a first 
fuel injecting position, fuel is able to flow past the seating 
11b into the drillings 18 and into the passage 17 in the 
valve needle region 12b. Fuel within the passage 17 is 
able to flow through drillings 64 into the annular recess 
50 and out through the first outlet openings 15. However, 
fuel within the passage 17 which flows into the sac re- 
gion 22 is unable to escape through the second set of 
outlet openings 21 which remain covered by the second 
sealing surface 56. Thus, during this stage of operation, 
fuel is only delivered through the first set of outlet open- 
ings 15. 

[0060] From the position shown in Figure 8, if fuel in- 
jection is to be ceased the valve needle 12 is returned 
to its seated position, as shown in Figure 7, so that fuel 
is unable to flow past the seating 11b into the passage 
17. Alternatively, referring to Figure 9, in order to deliver 
fuel through the second set of outlet openings 21, the 
valve needle 1 2 is lifted away from the seating 11 b by a 
further amount into a second fuel injecting position in 
which the second outlet openings 21 are uncovered by 
the sealing surfaces 56 and communicate with the sec- 
ond annular recess 52. Fuel is therefore delivered 
through the second set of outlet openings 21 . The an- 
nular recess 50 is arranged such that, with the fuel in- 
jector in the second fuel injecting position, the annular 
recess 50 cooperates with the adjacent part of the bore 
region 11c so as to form an enclosed chamber which 
does not communicate with the chamber 1 4 nor with the 
first outlet openings 1 5. Thus, any fuel in the drillings 64 
is unable to escape through the first outlet openings 15. 
In this position the first set of outlet openings 15 are 
closed by the second sealing surface 56. Thus, in the 
second fuel injecting position fuel is only delivered 



through the second outlet openings 21. 
[0061] From the second fuel injecting position, the 
valve needle 1 2 may be moved into the first fuel injecting 
position, in which fuel is delivered only through the first 
outlet openings 15 (as shown in Figure 8), or may be 
returned to its seated position (as shown in Figure 7) in 
which case fuel injection ceases. 
[0062] The embodiment of the invention shown in Fig- 
ures 7 to 9 provides the advantage that the valve needle 
12 need only be lifted away from the seating lib by a 
relatively small amount in order to commence fuel injec- 
tion through the first set of outlet openings 15 as this 
now occurs as soon as the sealing surface 54 uncovers 
the first set of outlet openings 1 5 and the annular recess 
50 is brought into communication with the first outlet 
openings 15. This is not the case in the embodiment 
shown in Figures 1 to 6 in which fuel injection through 
the first outlet openings 15 only occurs when the valve 
needle 1 2 has been moved by a sufficient amount to 
bring the annular recess 50 into communication with the 
first outlet openings 15 and also into communication 
with the chamber 1 4. In addition, the embodiment of the 
invention shown in Figures 7 to 9 provides the advan- 
tage that the edge 54a (as indicated in Figure 8) of the 
sealing surface 54 defined by the annular recess 50 
need not be withdrawn from the bore 11c in order to de- 
liver fuel from the first set of outlet openings 15. As a 
result, the risk of the injector becoming jammed open is 
reduced. 

[0063] Figure 10 shows a further alternative embodi- 
ment of the invention in which the nozzle body 10 is 
formed in two parts, an upper part 10a provided with a 
through bore 65a and a lower part 10b provided with a 
bore 65b. The through bore 65a includes a region of 
smaller diameter 65c at its open end, the lower part 1 0b 
being received within the open end and the outer diam- 
eter of the lower part 10b being substantially the same 
as the diameter of the bore region 65c such that the low- 
er part 1 0b forms a close fit within the through bore 65a. 
The construction of the upper part 10a of the nozzle 
body at the end remote from the lower part 10b is the 
same as that described previously with reference to Fig- 
ures 3 to 9. 

[0064] At its end remote from the blind end of the bore 
65b, the lower part 1 0b of the nozzle body 1 0 is provided 
with a winged portion 68, the outer surface of which co- 
operates with a seating 70, of substantially f rusto conical 
form, defined by the bore 65a. The winged portion 68 
also defines a frusto conical seating 72 with which the 
valve needle 12 is engageable to control fuel flow be- 
tween the delivery chamber 13 and the chamber 14 
downstream of the seating 72. 
[0065] In use, with high pressure fuel supplied to the 
delivery chamber 13, fuel pressure within the delivery 
chamber 1 3 serves to maintain a substantially fluid-tight 
seal at the seating 70 between the upper and lower parts 
10a, 10b of the nozzle body. 

[0066] In order to ensure a substantially fluid-tight 
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seal is maintained at the seating 70 it is important that 
the outer diameter of the winged portion 68 and the di- 
ameter of the adjacent part of the bore at the seating 70 
are substantially the same and have good concentricity, 
and, in addition, that the outer diameter of the lower part 
1 0b of the nozzle body and the diameter of the adjacent 
bore region 65c are substantially the same and have 
good concentricity. The concentricity requirements can 
be achieved during manufacture as the bore 65a can be 
shaped through the open end in which the lower part 
10b of the nozzle body is to be received, the shaping 
being achieved in the same operation as the machining 
of the bore 65a. In addition, it is also important that the 
diameter of the seating 72 is less than that of the seating 
70 as fuel pressure within the delivery chamber 1 3, and 
any additional loading in the upstream parts of the fuel 
injector, will force the lower part 10b of the nozzle body 
in a downwards direction. 

[0067] Operation of the embodiment shown in Figure 
10 is carried out in the same way as described previ- 
ously for the embodiments of the invention shown in Fig- 
ures 3 to 9. Thus, referring to Figure 11, movement of 
the valve needle 1 2 away from the seating 72 into a first 
fuel injecting position permits fuel in the delivery cham- 
ber 1 3 to flow past the seating 72, into the chamber 1 4, 
through the drillings 18 and into the passage 17. The 
annular recess 50 moves into communication with the 
first set of outlet openings 15 such that fuel in the pas- 
sage 17 is able to flow, via drillings 64, into the annular 
recess 50 and is delivered from the first outlet openings 
15. The annular recesses 52 are arranged such that, 
with the valve needle 1 2 in the first fuel injecting position, 
they do not communicate with the second set of outlet 
openings 21 and fuel flowing through the passage 17 
into the sac region 22 is unable to be delivered through 
the second set of outlet openings 21 which remain cov- 
ered by the second sealing surface 56. Thus, during this 
stage of operation, fuel injection only occurs through the 
first set of outlet openings 15. 

[0068] Referring to Figure 12, when the valve needle 
1 2 is lifted away from the seating 72 by a further amount 
into the second fuel injecting position, the annular re- 
cess 50 moves out of communication with the first set 
of outlet openings 1 5 which becomes closed by the sec- 
ond sealing surfaces 56. Thus, fuel flowing from the de- 
livery chamber 1 3 past the seating 72 and into the pas- 
sage 1 7 is unable to flow from the annular recess 50 out 
through the first set of outlet openings 1 5. However, with 
the valve needle 1 2 in the second fuel injecting position, 
the annular recess 52 is moved into communication with 
the second set of outlet openings 21 such that fuel flow- 
ing through the passage 1 7 into the sac region 22 is able 
to flow, via the annular recess 52, out through the sec- 
ond outlet openings 21 . Thus, during this stage of oper- 
ation, fuel injection only occurs through the second set 
of outlet openings 21 . As described previously, in order 
to cease fuel injection the valve needle 1 2 is returned to 
its seated position against the seating 72, as shown in 



Figure 10. 

[0069] In an alternative embodiment to that shown in 
Figure 10, the seating 70 may be provided by a step of 
square form in the bore 65a of the upper part of the noz- 
5 zle body 1 0a, the lower part 1 0b of the nozzle body being 
appropriately shaped to engage the squared seating. 
[0070] As an alternative to the two-part nozzle body 
10a, 10b shown in Figures 10-12, the nozzle body may 
be provided by a nozzle body part provided with a 
10 through bore, the lower open end of the through bore 
being closed by means of a cylindrical plug, secured in 
position by brazing, the seating with which the valve 
needle engages being defined by the through bore of 
the nozzle body part. This also provides a manufactur- 
15 ing advantage in that the lower regions of the through 
bore can be accessed, during manufactured, through 
the lower open end of the through bore. 
[0071] In a further alternative embodiment of the in- 
vention the annular recesses or grooves 50, 52 may be 
20 positioned such that, with the valve needle 12 lifted 
away from its seating into a third fuel injecting position, 
fuel delivery occurs through both the first and second 
outlet openings 15,21 together. Thus, the fuel injector 
may be arranged to provide three fuel injection stages. 
25 [0072] Figures 13 and 14 show a further alternative 
embodiment of the invention in which similar parts to 
those shown in the previous figures are denoted with 
like reference numerals and will not be described in fur- 
ther detail hereinafter. In this embodiment of the inven- 
30 tion, the region 12b of the valve needle 12 is provided 
with cross drillings 80, one end of each drilling 80 com- 
municating with the chamber 14 and the other end of 
each drilling 80 communicating with an annular recess 
50 formed in the valve needle region 1 2b. 
35 [0073] With the valve needle 1 2 adopting the position 
shown in Figures 13 and 14, the annular recess 50 co- 
operates with the adjacent part of the bore region 11c 
to define an enclosed chamber with the first and second 
sets of outlet openings 15, 21 being closed by the seal- 
40 jng surface 54. Thus, with the valve needle 12 in this 
position, the enclosed chamber defined by the recess 
50 and the bore region 1 1c, does not communicate with 
either the first or second set of outlet openings 1 5,21 . 
[0074] In use, starting from the position shown in Fig- 
45 ures 13 and 14, high pressure fuel is supplied through 
the supply passage 62, to the annular gallery 60 and, 
thus, to the delivery chamber 1 3. With the valve needle 
12 seated against the seating 11b, fuel in the delivery 
chamber 13 is unable to flow past the seating 11b into 
50 the chamber 14. Thus, fuel injection does not occur 
through either the first or second outlet openings 1 5, 21 . 
[0075] When fuel injection is to be commenced, the 
valve needle 1 2 is lifted away from the seating 1 1b into 
a fuel injecting position, as shown in Figure 5, such that 
55 fuel in the delivery chamber 1 3 is able to flow past the 
seating 11b into the chamber 14. During this stage of 
operation, the valve needle 12 is lifted away from the 
seating 11b by an amount which is sufficient to bring the 
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annular recess 50 into communication with the second 
set of outlet openings 21, the movement of the needle 
12 resulting in the second set of outlet openings 21 no 
longer being covered by the sealing surface 54. Thus, 
fuel flowing past the seating 11b into the chamber 14 5 
and through the cross drillings 80 is able to flow into the 
ann ular recess 50 and out through the second set of out- 
let openings 21. However, with the valve needle 12 
moved into this fuel injecting position, the first set of out- 
let openings 1 5 remain closed by the sealing surface 54. 
It will therefore be appreciated that, in the fuel injecting 
position shown in Figure 15, fuel injection occurs only 
through the second set of outlet openings 21 . With fuel 
injection occurring through only the second set of outlet 
openings 21 , the position of the valve needle shall be 
referred to as the second fuel injecting position. 
[0076] From the position shown in Figure 1 5, fuel in- 
jection may be terminated by returning the valve needle 

12 to its seated position against the seating 11b. Thus, 
fuel is no longer able to flow from the delivery chamber 

1 3 into the chamber 14 and out through the second set 
of outlet openings 21. It will be appreciated that fuel in- 
jection will cease when the valve needle 1 2 is returned 
to its seated position and the sealing surface 54 coop- 
erates with the bore 1 1c to break the communication be- 
tween the chamber defined by the recess 50 and the 
second set of outlet openings 21 . 
[0077] Alternatively, from the position shown in Figure 
1 5, if fuel injection is required through the first set of out- 
let openings 1 5, the valve needle 1 2 is lifted by a further 
amount away from the seating 11b into a first fuel inject- 
ing position, as shown in Figure 16. During this stage of 
operation, the valve needle 12 is lifted into a position in 
which the annular recess 50 communicates with the first 
set of outlet openings 15, the second set of outlet open- 
ings 21 being closed by the second sealing surface 56. 
Thus, fuel in the delivery chamber 1 3 is able to flow past 
the seating 11b into the chamber 14, through the cross 
drillings 80 and into the annular recess 50 and is there- 
fore able to flow through the first set of outlet openings 
15. In the first fuel injecting position, the valve needle 
12 is moved to a position in which the second sealing 
surface 56 seals the second set of outlet openings 21 
so that fuel is not delivered therethrough. Thus, during 
this stage of operation, fuel injection only occurs through 
the first set of outlet openings 15. 
[0078] The axial position of the first and second sets 
of outlet openings 15, 21 in the nozzle body 10, the axial 
position of the annular recess 50 and the size of the an- 
nular recess 50 are chosen such that, when the valve 
needle 12 is moved between the first and second fuel 
injecting positions, the annular recess 50 cooperates 
with the bore 11c to define an enclosed chamber for fuel 
flowing into the annular recess 50. Thus, both the first 
and second outlet openings 1 5, 21 are closed for a short 
period of time between the first and second stages of 
fuel injection. In known fuel injectors, a volume of fuel 
can become trapped downstream of the valve needle 



seating at termination of injection. This can cause leak- 
age of fuel in an uncontrolled manner through the outlet 
openings into the combustion space, resulting in white 
smoke and noise. The fuel injector in Figures 13 to 16 
reduces or prevents this problem, as the first and sec- 
ond outlet openings 1 5, 21 are closed for a short period 
of time between the first and second stages of fuel in- 
jection. 

[0079] It will be appreciated, however, that in an alter- 
native embodiment, the annular recess 50 may be of 
enlarged size such that, when the valve needle 12 is 
moved away from the seating 11b into the first fuel in- 
jecting position, fuel injection occurs through both the 
first and second sets of outlet openings 1 5, 21 . 
[0080] Figure 1 7 shows an alternative embodiment of 
the invention, with like reference numerals being used 
to denote similar parts to those shown in the previous 
figures. In this embodiment of the invention, the valve 
needle region 1 2b is also provided with additional cross 
drillings 64 which communicate, at one end, with the 
passage 17 and, at the other end, with the annular re- 
cess 50. The passage 17 is sealed, at its open end, by 
means of a sealing member 82, the sealing member 82 
forming a substantially fluid-tight seal with the bore 16 
to prevent fuel escaping through the open end of the 
bore 1 6. The sealing member 82 may be an interference 
fit with the bore 16, or may be brazed or screwed into 
position within the bore 16. 

[0081] With the valve needle 12 seated against the 
seating 1 1b, fuel injection does not take place through 
either the first or second sets of outlet openings 15, 21 
as fuel is unable to flow past the seating 11b into the 
passage 17. In order to commence fuel injection, the 
valve needle 12 is lifted away from the seating 11b, such 
that fuel is able to flow from the delivery chamber 1 3 into 
the chamber 14, through the drillings 18 into the pas- 
sage 17 and through the drillings 64 into the annular re- 
cess 50. With the valve needle 12 lifted to a position in 
which the annular recess 50 communicates with either 
the first or second sets of outlet openings 1 5, 21 , fuel is 
delivered through a selected one of the outlet openings 
15, 21, depending on the extent of movement of the 
valve needle 12 away from the seating 11b. 
[0082] The fuel injector shown in Figure 17 provides 
the advantage that, in use, with the valve needle 1 2 lifted 
away from the seating 11b, high pressure fuel within the 
axially extending passage 17 applies an outward radial 
force to the valve needle region 12b, thereby improving 
the fluid-tight seal between the valve needle region 1 2b 
and the nozzle body 10. This reduces or prevents fuel 
leakage from the fuel injector between the valve needle 
region 12b and the bore 11c. The same advantage is 
also achieved with the embodiments shown in Figures 
3 to 12. 

[0083] Figure 18 is a further alternative embodiment 
of the invention in which the valve needle 12 is formed 
in two parts, an upper part 1 2d provided with a blind bore 
86, and a lower part 12e which is received within the 
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bore 86. The lower part 1 2e of the valve needle 1 2 forms 
an interference fit within the bore 86. The bore 86 de- 
fines, at its blind end, an annular chamber 90 within 
which an enlarged end region 92a of a plug member 92 
is located, the plug member 92 being received within the 
bore 16 to reduce the volume available for fuel within 
the passage 17. The plug member 92 may form an in- 
terference fit within the bore 16 which serves to reduce 
the hydraulic load between the upper part 12d of the 
valve needle and the bore 86. 

[0084] Operation of the embodiment of the invention 
shown in Figure 1 8 is achieved in substantially the same 
way as described previously, with the valve needle be- 
ing lifted away from the seating 11b either by a relatively 
small amount into a second fuel injecting position, in 
which fuel is delivered through the second set of outlet 
openings 21, or by a larger amount, into a first fuel in- 
jecting position, in which fuel is delivered through the 
first set of outlet openings 1 5. Figure 1 8 shows the valve 
needle lifted to the first fuel injecting position, with fuel 
delivery occurring through the first set of outlet openings 
15. This embodiment of the invention also provides the 
advantage that fuel pressure within the passage 17 
serves to improve the fluid-tight seal between the valve 
needle part 12e and the bore 11c in the nozzle body 10. 
In addition, the fuel injector in Figure 18 is easier to man- 
ufacture and assemble. It will be appreciated, however, 
that the plug member 92 need not be included, in which 
case the volume available for fuel within the passage 1 7 
will be increased. 

[0085] Figure 1 9 is an embodiment of the invention, 
similar to that shown in Figure 18, in which the end of 
the valve needle part 1 2e remote from the blind end of 
the bore 86 is of enlarged form and defines a surface 
94 which is engageable with a seating 96 defined by the 
nozzle body 10. 

[0086] Operation of the embodiment shown in Figure 
1 9 is carried out in the same way as described previ- 
ously. Thus, referring to Figure 20, when the valve nee- 
dle 12 is lifted away from the seating 11b by a further 
amount into the first fuel injecting position, the annular 
recess 50 moves out of communication with the second 
set of outlet openings 21 which become closed by the 
sealing surface 56. Fuel is therefore unable to flow from 
the annular recess 50 out through the second set of out- 
let openings 21. Additionally, the annular recess 50 is 
moved into communication with the first set of outlet 
openings 15 such that fuel flowing through the passage 
17 is able to flow, via the drillings 64, through the first 
set of outlet openings 15. Thus, during this stage of op- 
eration, fuel injection only occurs through the first set of 
outlet openings 15. With the valve needle 12 lifted into 
this first fuel injecting position, the surface 94 on the 
valve needle part 12e engages the seating 96 provided 
on the nozzle body 1 0, engagement between the sur- 
face 94 and the seating 96 forming a substantially fluid- 
tight seal which prevents any fuel leakage between the 
valve needle part 1 2e and the bore 86. As described 



20 

previously, in order to cease fuel injection the valve nee- 
dle 12 is returned to its seated position against the seat- 
ing 11b, as shown in Figure 19. 
[0087] Referring to Figure 21 , the embodiment shown 

s in Figures 19 and 20 may also include a plug member 
92, as described previously, to reduce the volume avail- 
able for fuel within the passage 17. 
[0088] It will be appreciated that, in any of the embod- 
iments hereinbefore described, the annular recess or 

10 groove 50, 20 may be of arranged such that, with the 
valve needle 12 lifted away from its seating 11b into an 
intermediate fuel injecting position, fuel delivery occurs 
through both the first and second sets of outlet openings 
15, 21 together. Thus, the fuel injector may be arranged 

is to provide three fuel injection stages. Alternatively, or in 
addition, it will be appreciated that the nozzle body may 
be provided with third or further sets of outlet openings 
and the valve needle may be provided with additional 
annular recesses or grooves to permit a greater number 

20 of fuel injecting stages to be obtained. It will also be ap- 
preciated that a different number of outlet openings to 
those shown in the accompanying figures may be pro- 
vided in the nozzle body. In addition, the outlet openings 
in each of the first and second sets may have a different 

25 size or may be different in number in each set such that 
the fuel injection characteristic can be varied by selec- 
tively injecting fuel through a different set of outlet open- 
ings. For example, the outlet openings of the first and 
second sets 15, 21 may be formed so as to provide a 

30 fuel spray having different cone angles. 

[0089] The annular recess 50 may communicate with 
the passage 17 via slots, flats or grooves provided on 
the valve needle region 12b, or the valve needle part 
12e, rather than by the drillings 18, 64, 80 and the pas- 

35 sage 17. In this case, it is preferable to provide means 
for limiting angular movement of the valve needle 12 
within the bore 11 . For example, a device as described 
in British Patent Application No 9815654 may be used 
for this purpose. 

40 

Claims 

1. A fuel injector comprising a nozzle body (10; 10a, 
45 10b) provided with first and second outlet openings 
(15, 21) for fuel, a valve needle (12) slidable within 
a valve needle bore (11 ; 65a) defined in the nozzle 
body (10; 10a, 10b), the valve needle bore (11; 65a) 
being shaped to define a seating (11b; 72) with 
50 which the valve needle (1 2) is engageable to control 
fuel flow to a chamber (14), the valve needle (12) 
being provided with a flow passage (17) communi- 
cating with the chamber (14), movement of the 
valve needle (12) away from the seating (11b; 72) 
55 into a first fuel injecting position permitting fuel de- 
livery through the first outlet opening (15) and 
whereby movement of the valve needle (12) away 
from the seating (11b; 72) into a second fuel inject- 
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ing position causes fuel in the chamber (14) to flow 
through the flow passage (17) for delivery through 
the second outlet opening (21). 

2. The fuel injector as claimed in Claim 1 , wherein the 
valve needle (12) has a surface shaped to define 
first and second sealing surfaces (54, 56) for the 
first and second outlet openings (15, 21), whereby 
movement of the valve member (12) away from the 
seating (11b) into the first fuel injecting position 
causes the first sealing surface (54) to uncover the 
first outlet opening (1 5) to permit fuel delivery there- 
from and movement of the valve needle (12) away 
from the seating (11b) into the second fuel injecting 
position causes the second sealing surface (56) to 
uncover the second outlet opening (21) to permit 
fuel delivery therefrom. 

3. The fuel injector as claimed in Claim 1 or Claim 2, 
wherein the valve needle (12) has a surface which 
is slidable over a guide surface to guide the valve 
needle (12) for sliding movement within the valve 
needle bore (11). 

4. The fuel injector as claimed in Claim 3, wherein the 
guide surface is defined by a portion of the valve 
needle bore (11) located downstream of the cham- 
ber (14). 

5. The fuel injector as claimed in Claim 3, wherein the 
guide surface is defined by a guide member (24) 
carried by the nozzle body (10). 

6. The fuel injector as claimed in Claim 5, wherein the 
flow passage (17) is provided, at least in part, within 
the guide member (24). 

7. The fuel injector as claimed in Claim 1 or Claim 2, 
wherein the valve needle ( 1 2) is provided with a first 
annular recess (50) communicating with the first 
outlet opening (15), whereby, in use, movement of 
the valve needle (12) into the first fuel injecting po- 
sition causes the chamber (14) to communicate 
with the first annular recess (50) to permit fuel de- 
livery through the first outlet opening (15). 

8. The fuel injector as claimed in Claim 1 or Claim 2, 
wherein the valve needle (1 2) is provided with an 
additional flow passage (18, 64) such that move- 
ment of the valve needle (1 2) away from the seating 
(11b) into the first fuel injecting position causes fuel 
in the chamber (14) to flow into the first annular re- 
cess (50) via the flow passage (17) and the addi- 
tional flow passage (18, 64) to permit fuel delivery 
through the first outlet opening (15). 

9. The fuel injector as claimed in Claim 7 or Claim 8, 
wherein the first annular recess (50) is arranged to 
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permit fuel delivery through both the first and sec- 
ond outlet openings (15, 21) at the same time. 

10. The fuel injector as claimed in any of Claims 7 to 9, 
s wherein the first annular recess (50) is arranged 

such that the first and second outlet openings (15, 
21) are closed for a period of time when the fuel 
injector is between the first and second fuel injecting 
positions. 

10 

11. The fuel injector as claimed in any of Claims 7 to 

10, wherein the valve needle (12) is provided with 
a second annular recess (52) communicating with 
the second outlet opening (21 ) such that movement 

is of the valve needle (1 2) into the second fuel inject- 
ing position causes fuel in the chamber (14) to flow 
into the second annular recess (52) via the flow pas- 
sage (1 7) to permit fuel delivery through the second 
outlet opening (21). 

20 

12. The fuel injector as claimed in any of Claims 1 to 

11, wherein the valve needle (12) is provided with 
an axially extending bore ( 1 6) which defines at least 
part of the flow passage (17) for fuel. 

25 

13. The fuel injector as claimed in Claim 12, wherein 
the axially extending bore (16) in the valve needle 
(12) is a blind bore, the open end of the axially ex- 
tending bore ( 1 6) being sealed by a sealing member 

30 (82). 

14. The fuel injector as claimed in any of Claims 1 to 
11, wherein the flow passage (17) is defined by 
cross drillings (80) provided in the valve needle 

35 (12). 

15. The fuel injector as claimed in any of Claims 1 to 
1 1 , wherein the flow passage (1 7) is defined by flats, 
slots, flutes or grooves provided on the valve needle 

40 (12). 

16. The fuel injector as claimed in any of Claims 1 to 
15, wherein the valve needle (12) comprises an up- 
per part (12d) provided with a upper bore (86) and 

45 a lower part (12e) provided with a lower bore (16), 
the lower part (12e) of the valve needle (12) being 
received within the upper bore (86). 

17. The fuel injector as claimed in Claim 16, wherein 
50 the lower bore (16) is a blind bore. 

18. The fuel injector as claimed in any of Claims 1 to 
1 7, wherein the nozzle body (1 0) is shaped to define 
a further seating (96), the lower part of the valve 

55 needle (1 2) including an enlarged region defining a 
surface (94) which is engageable with the further 
seating (96) when the valve needle (12) is lifted to 
the first fuel injecting position. 
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19. The fuel injector as claimed in any of Claims 16 to 

18, further comprising a plug member (92) received 
within the lower bore (16) to reduce the volume of 
the flow passage (17) available for fuel. 

5 

20. The fuel injector as claimed in any of Claims 1 to 

1 9, comprising an actuator arrangement for moving 
the valve needle (12) between the first and second 
fuel injecting positions. 

10 

21. The fuel injector as claimed in any of Claims 1 to 

20, wherein the nozzle body (10) comprises an up- 
per nozzle body part (10a) provided with a through 
bore (65a) and a lower nozzle body part (10b) pro- 
vided with a blind bore (65b), the lower nozzle body '5 
part (10b) being received in the through bore (65a) 

to close an open end thereof. 

22. The fuel injector as claimed in Claim 21, wherein 

the seating (72) with which the valve needle (1 2) is 20 
engageable is defined by a part of the bore (65b) 
provided in the lower nozzle body part (10b). 

23. The fuel injector as claimed in Claim 21 or Claim 

22, wherein the first and second outlet openings 25 
(15, 21) are provided in the lower nozzle body part 
(10b). 

24. A fuel injector comprising a nozzle body (10) pro- 
vided with first and second outlet openings (1 5, 21 ) 30 
for fuel, a valve needle (12) slidable within a valve 
needle bore (65a) defined in the nozzle body (10), 

the valve needle bore being shaped to define a 
seating (72) with which the valve needle (12) is en- 
gageable to control fuel flow to a chamber (1 4), the 35 
nozzle body (10) including an upper nozzle body 
part (10a) provided with a through bore (65a) and a 
lower nozzle body part (10b) provided with a blind 
bore (65b), the lower nozzle body part (10b) being 
received in the through bore (65a) to close an open 40 
end thereof. 
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